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error signal pulse width indicating the phase difference between the data signal transient point and the clock signal transient point is 
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5 mm^m 

10 mmm^ 

. lHli^:^3S;*^^e>nTVi-5„ CDR (Clock and Data Recovery Circuit) Uli^JA, 
15 Ta&^o PLL (Phase Locked Loop Circuit) mmt. &^m^WL\t^^ 

^CKO&ffiHSr^ mmmm^'E r r o r tS^^R e f on)V7.m(OmX 

^^t>-tm^x^^. '^^(D&Mimm^o-mhvx. ;\—yv—vmm.m^ 

^^kMM^i)"^. Jafar Savoj and Behzad Razavi, "A 10-Gb/s CMOS Clock and 
Data Recovery Circuit with a Half-Rate Linear Phase Detector" , IEEE 
25 Journal of Solid-state Circuits, vol.35. No. 5, pp. 761-769, May 2001 \zM 
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5 i?&Li> L2(Dmt!Qi. Q 2 0^^ifi«j^sfa (xoR) ^mmmm^E r 

3, L4T^';/5^f§o ^ ^y^HIi^L 3 ^ Uy ^m^CK(D^t>Tit)^^ X.y 
z^^V^y^l^, ^y^m'^L4U. Uy ^m^CK(OiL-k±i)^r) Jiy z^T^"^ y 
^t-^o Wm^m'M^m^E2\t. ^-/^|lIg&L3> L4©ai:^jQ3> Q4 0DX 

D i n\zmm^$>^rcm^. y'-i^m^o^m^jiy-j m2i:\txiL^m) t. 

^Uy^im^CY^(D^%±.ii^Xi m2'^\%Y\tM^^ ^^XS't— 
^m^<Dm^:rLyi^ (0 2 -e^X 2 t^^) ti7tiy^m^CK(D^t>~fil)t¥)j:. 

15 -/v^ (0 2 Tt*Y 2 1^^^) ii(Dmmmzn^'r^/vvxm^m'r^o s^pm-^ 

Re f t^. t'-^^^IS-^D i nizm^-fy^$>'^rcm'^. '^\Z^Uyi7CK(DiLt>Tffi 

iz^mr^^mo^^mmmzf^-orcmiz. ^mmrnm^E r r o r(DA';i/xiii«. 

20 gjPii-^-R e f CD/i;i/Xi|@© 1/2 

2-cit/^ t0m:kmmtLx±o . 5*T<h^^) rci-fmiz&:mvrcm. m^W: 

mm^E r r o r <D/VV7.m}t. mmm^R e f <D/Vlxm(D 1X2\ZMVX. 
A t . a C K <D^% ±ifi X -Jifi'f—^ #-^D i 

25 ncD^J^cfcD A t;^'tm5}C^2:gbfcBt. WMWMm^E r r o r 

^2pm-^R e f (Dn)V7.^<D 1/2 jc^LT> A t tmmmisrr^o 
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^-i$^mmti^fy2Hz i^uy^m^mM) T^^^t-r^t. ^nmmm^E 

5 r r o r CDA;V7.i|i«. 0. 5 *T&rf t:f3i^. ^-dX. mmzm^-^tl^Wji^ 

10 ^m(Dm^ 

m^^z.tx$>^o 

y^^m^. f^2(D^y ^mmtm l<O^Uy i7mn(DKmi7 Uy^X^^^2 
(D^Uy^m-^X^y'^^nOo mi<D'^y^m^<DmiJ^f^3(D'7y'^^^\Z 

xtiv. m2(D^y^m^(Dmt!^m4(D'^y^mmzxt!V. mso^y^m 
20 mtm2<o^uy^m'Wx'7y'^^n^\ m4<D7y^mmt^i<D^ay^m 
^x^y^-^n'^o m2<D'7y^m^<Dmti^m3(D^y^m^<Dm:f3ii<Dm<D 
mm^mmm^^ i (D^mmmm^t v. mi(D^y ^m^omti tm4<D9y 
^m^omi3t.<om(omm^mm^f^2<oum^mm^t-r^o 
mommmmizib^ti^^&mti^mmt. ^ 2 (D^y^mnomti^m 1 (omm 
25 mmzm^v. ^i<Dmmm^(Dti!ititm3(D^y^m^o)mtft(Dm(Dmm&d 
mmm^m 1 o&n^^m^tv. m 1 (D^y ^mmomij^m 2 ommmmz 
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4<@©^-/^iHiKL 1 (Bi©^^y^iaig)\ L2 m2<D^y'^mm . 
L3 (S3 0^^;/^iiii?&) , L4 (^4 >;/5^iHiii&) a:, sm(Dmm^mmm 

teIi^El> E2. ESt. 2<®CDAND|HlliSA 1 . A2 t-fy^^mj^-^tlX^^^^. 
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#ft6W^sfoiii!?&E 1 2 (DXiim^^^^mmmmmmm^E 3 1 ©a 

5 2 ©A:tf^^:fe J;t;^#^t&65IISfnilI|g&E 3 ©^ 2 ©A:^^^Jc^i^t-^o 
^Sfomg&E 1 ©m:^J*. -a^ffiJtlfelEli^O^i^ll^fS^E r r o r 1 1 

m^B r r o r 2 m2<Dim^^m^) TfeSo 
l^m^mmm^^ESCOmijI^^'^. ANDmg&Al i:ANDIlIg&A 2©^l 

DIlIS&A2©^2©A;bif8^ifc^M1--5o ^tL. ^Uy^m^CKKDKl^^ 

^7 A;^^^C ^ 5/^|Elg&L 3 D -/ i7 A;tri^^C t ANDlHlji^A 1 2 
15 ®A*3^lC^igf So t^D«/^M^CKl:fei;rJCi^U«/^^-^CK2«. ^- 

D«/i7{i-^CKl ti7D-/^M^CK2(DM^X^;/e?j&t, 5^~^«#D i n©ff 
^CK2(D]g^X-;i^mnfel^r«^. r^ffl^Mj ^:^m-r5o &4BJt^S 

tB:^3T&?>lfl:*B^^M-^E rrorl, Error2f*. 5^-i$^^#D i ntcife 
25 v:>T]gigf S2o<D^-^;&V\-i'd>e>n-{e:. *feJin-:d^e>/WicM5^bfe3^ 
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H^ti ■!7 cKi ttimm-^nrcANDm^A2 omti^mmm'^R e f 2 

ii-r^o mmm^Re t 1, Re f 2t±, 5^-^«-^D i n\Z:^UXmM't^ 2 

Ki©a:^±d^Dx-/5?T?^^;/5^'r§o ^^;/5^iiissL loai^^jjA. m4(Dm:ijQ 

C}<i2<D-iL^±Jfiy):r.y-JX^y^'r^o ^ ^/^IeII^L 2 Offl:f3«> m^CD^ti 
q2"eafe§o 9iy5^llIi^L2 5?>t^lS:#®x-^®^*^^:/5^f §ODT> 

mti^l^. ^y^m^'L3iZXi7Uyi7CK2(D:iL^±m:Jiyz^X^y'^ 

mmmmi^mi^^m^izm Ty2rdnmm't^o mmiz. mtici2^. ^y^ 

20 m^'L4\ZXi7Uyi7CKl(D^t>±i)i^X.yi^X^y^-r^. ^yJ-^^l^A 

:^jq3tn+i#s (nt^^B^) <D'T—$^x'^^^2(Dm%mmmnx^^&^ 

25 ^^m-^E r r o r l;^>^*#e>n^o "^tz.. mm^mm^m^'E 2\Z^\^^X. y^— 
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^^$>^mt!Qi (Dmmmm'm\'v$>^mQW:mm^E r r o r zibmBti^o 

miW^E r r o r 1 tmmMn^E r r o r 2 OJVlTsm^t. 1 . 5 * TlC# 

5 s^nso 

^nmMim^E r r o r l<^/i;V7.(D5t-^±;^>^0«, i iKDW^ 

Dx^^i^ (S4TttY 1 t^m T*So -affi^HM^E r r o r 2©A-;PX© 

10 Tt)ti. i>P^:/^j7«-^CK2©3i-feJi;d^OX-/v^ (gI4"eJ*Y 2 ^^^) 

-r-^iD-^. ^mi^mm^E r r o r l mn^mm^E r r o r 2) (D/VV7.m 

(i7D-/^'fi-^CK2) (DiL-^±i!}ti:)aiyi^^-C<DmmO. 5*T (^ffi^^J^t 
15 fiffi^^«^E r r o r 1 tm^m^m^E t tot 2 (D/VV7.m\^. iSLmm 

^Tfinrnmn. 5*t±o. 5*t) t^o m-DX. ^-^m^Dint^ 

Uy^m^CK 1 > CK2<Dm<Di{Lnmm\t. -a^S^^M-^E r r o r l titn 
20 ^mt. "T—^m^D i n a:t7D ^m.^CK 1. C K 2 ©{a:ffi^M30^± A t <D 

im^mm^(Dwv7.m^. m^omBftmrnm^z^i-f^o. 5*t±a 
msA-Bc ^#MbT. n 1 <DmMmm\zM-^^iiLntti^m^<D&mi^^m 
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f^i (Dmmmmzf)^^-^^mmit^m^(D^mmmm^B rron. Err 
or 2(D/v\^::^m\ts TO (=T+Ti) •T?*^^^ ^m<DiiLmiti^mm(D^n^ 

mn^'E r r o r (D/VV7.m-^^ T 1 T^^o 

^m^-^'^^mm7)^±\:^xh. ^mmmm^B, rrori. Error 2mnm 

m5C\Z^Vrc^^\Z^Uyi^m^CKl (CK2) (D'feffidtSnfeJ^'g-fC^. 

(D/vv:^mti^xm'r^t-fy^x^^o w.±^^rc^tiz. mi<Dmmmm\zM^ 

^m^itl^mmt. ^m^mm^E rrorl. Error 2<D/VV7.m7lfiW^ 

15 -^nxif^^Tcib. m^oiL%±i^ir)mmt.:iLt>Ti(}'iy)mm<DBm\z^^^^mf)^^ 
ciz<\y^o tJfeoT. }A^mm<D&mmmzmyx. mmmiz^mt^^n^^t: 

20 mi^A 1 \zxti\^xn^nrcm^x^^o mmm^R e f 2 mm^mmmm 

iiSE 3 OtH-;b t. ^Uy^m^CKlt $ ANDHIiiSA 2 iCA:^ bT# e>nfeM 

a (n««^) xmm^^^m^\z/vv:^tf3:^o mmm^Re f 21*. 

25 ;^i?S:§o 

^^«-^Re f 1 tmmm^Re f 2©/i;i/X«. x-iS'M-^D i n ti^Dy 
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mm^R e f 1 iiLmm^mnE r r o r i <o;vv7.im(ommt:nm't^mm 

/V\^7. tU^ . mmm^Re f i^L^mmnnE r r o r 2(D/VV7.m<Dm 

^mmizm^^rcihco-x^j^y) . i m^mm^zm^m^ ^rz\-immmu tT^ n t 

T#^o ^fe. S2p«^^S2p{t^-R e f 1 t^mm^R e f 2 f;i:$>g|b:/b;;)t, 

m6\z. :^mmofB2(Dmmmm\zib^-^^^iimiti^^^^^-ro mKommm 
15 siic:di3?>>sffi*Bjti!^iHii^tt^, iSMiHij^Di (mi<Dmmmm tmmm^Bz 

2 (omtjjizmm-^n. m^m^D i (Dmtsm^f'u. mmmmmmm^B i 
(DXij^'^izmm'^n^o mmm^D2<Dxtii^^\t. ^y^M^Li(Dmt}\z 
20 m^-^n. mmmmD2<Dmtii^'f'\t. mm^mm^mmE 2<Dmi<DAtim'=i' 

iiMiEiB&Di. D2U. ^n'en^y^mmh2fLi(DmtiQi2. qi^ii 

mi^x. tH:^jq3, (i4ii)m^'t^m(Dmtjmmmmmm^zmi^'r^o zi<Dwtm 
25 \z^K>. ^y^m^Li i^y9-m^h2) t^y^m^hs (^y^m^L 
4) <Dmti<DM^i$^^^>-if^^-'Wcr^o :i(D^^\zLx. ^mmmm^E TT 
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orl^ Error2 ^^^J^T^S^ffiW^SfPIill^E 1 ^ E 2 (0 2 -OOXfim^ 
m<Dmmm^mE'r^. ^nmmm^E rrorl. Error2 (Dm^> ^- 
^m^D i nt^D-/^^ffi^CKl. CK2<h(D&^^(c5fi-r)lt^Ci:5?>tT#, 

5 (CDR|Eie&) 

10 3 iz^vTam 1 <Dmmmm\zf)^i)^^^nj^m.m^i:i^ o . t^-^j^m-^d i n 
3^/^ 1 1^ D ^ m-^ c K 1 (D3i:-fe ±3?>t t) X 5^ t © (D^mm ^m-rifLmmmm 

^E r r o r 1 y^-^im^D i nCDM^J^t^ Uy ^m^CK2<DiL-^±i)i 
DXy >?t(D^(D&*BM^^t-&ffi^M«-^E r r o r 2 <i:€rai;bt-^o ^fc. 
5^-i57M^D i nfc:cfeViT®3^*r§2'::>a)-7^-^d^^^b:rc:»'&tc:. i^ny^^M 

20 m^mti^vi^r). Dout_2f*. i7ay^m^cK2\zM}^vtc^—^m^m 

^m^mn^E r r o r l t^2pM-^R e f 1 t^. ^ 1 CD^i'->^#>yiiI 
l^CP_ltCA:^3b. -a^B^^e^Er r o r 2t.mmm^Re f 2i:S. ^2 

<^5i^_^5j?>y[ojggCP_2ic:A;^;-rSo 5^^— i^#>:/|Hii^CP_i> CP 

25 _2 ^nmmmnw\^ <Dm. m^mv c o n t + <&:^bT;V~7':7 ^ m 

'LO'PSzW^^mX^'iL^. -W-^^Sv con i -^-StX^X^^—^V M^LOYiS^ 
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)v-':fy^)Vd^-LOFizn^^mvji^^. m^mv c on t +&:n-bTmijfE<&§i 
^m-To ummmm^t&mm^t-fym\za-(Dm^u. m^mv c o n t +^ 
^xsv c o n t -ovi-rnjcfemittitjKtij^v^o 

5 M-^i^v c on t 4-:feJ;UC#-^j|Sv c on t -fl. :/:7^ L O F 

iz-^m-^^^. m^^^v cont + fcvcont - mom^m^—^^z^m'^n^. 
10 ^idT, ^mmmw^i^v\'i(Dmm\z)v-':ry^)\,^i^oF\zMnji^tsmm^ 
v-xmrnt^Us mmmni!)V\-c <Dmm\z)v-:/y ^ ;i/iS^ l o f jcijsn32.tjm 

^mc 1 t:mx^T^mmm^m^^t>'\§:^rci^\z. ^m^mm^tmmm^cD 
15 /vv7.^<Dit(Dmmzwt^'r^. tut)-^. v-y^mmiiz^^^mmommmt. 

2 : 3l^$>^o 

mW^Y cont+. vcont -mon^^-fy^y^^y.mizmiQ'T^o "r— 
20 iJ'M-^D i n©M^;^©4»:^JcMbTi7Dyi^m-^CK10!):fi:'^±j?>tDX*;/>?(D 

ont+, vcont - m<DnML^-ti^^^^7.imzmil!!Ct^. -^-^i^v c o n t 

vcont -\%. wmm.'m&'mmm^ sc\zx-n-^n^. 

Mffi^fflmjElSmiHlS^D set*, -d-^i^v cont+. vcont 

25 H^, ^Ott};bTfe^{f #l^v c o n t (DmS.V^MZ^^'t^. M-^Hv c o 

n t vcont -^(n>n,'^mfi':r^7.'mzmm'^iz. ^-hmo^m^Uv c 
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o n t (Dmik\t±7l)^D: m^W.v cont+. vcont -fMMiiL^f)^'^^ 

7.m\zm-ix\r^tmtim<Dm^m^ c o n t (Dnmtrfif)^^o iiLmib^^^tc^m 
m^Uv c o n t (Dm\t—^m.tti:^o m^Bv c o n t tt. m&pm^ 
mm^v c o iz^m-^ . 

(2*T) ) jfi^(D^j^^7?^igb, i7^^:,/7^t■%cKl tLTm;':T^o mm 

m8\z. :$imBM(Dmi<Dmmmm\zf)^i)^^^^r-z^'^y':fm^^m'ro cdr 
mmzm-y^f^ 1 (D^^-i^-^>^m^c p_i :fe<fctK^ 2 (D^^^-z^^y-zfrn 

15 fB^-r^o >'^i?>7'IlII?SCP_n«. 400«?flEiJiI p 1^ Ip2> In 

1. In2«i:, NMO S h ^ >v^Xi$'QN 1 . QN2. QN3. QN 4 ^:;^>i 5)3^1 
^^nri^^So 5^Y—:^>i?>:/|Hli^CP_n©A;t»T*S^ffil5^ji-^E r ro 
rl C^&tl^^M^Er ror2) J*. h^>i^:^^QN KD^-hmmizmUa 
$nT*5 0> feffi^M^E r r o r 1 (&*B^^M-^E r r o r 2) (D^mm 

20 h^>i?Xi$'QN2<Dy-F«mic:^lJD^nTVi§o S^P^-^R e 

fl (S2pM-%Re f 2) h^>i?XiS^QN3<Dy-hm®lc:WtP$n> S 
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\t. mmmi p i(Dmmyssm\zw^fiM-^n^iith\zmtjm^myc on t- 
p 2 (DmuY s smizmm-^M tt%\zm:t}m^mY c on t+fc^^^n^, 

^le)«>5-^o;fc*>t^Tt*> .&+BIIM«#E rrorl> Error 2 0n)Uxm 
5 fc» S^^i-^Re f 1. Re f 2(D/'^)lxm(Dit\t. ^4 J3:^Lfe<fc'5 3 : 2 
T$.^o 5^^->^3j^>:/lElSiSCP_nlC:fel/iTJi, « I p 1 tmmmi n 1 

<D^mm^mv< I otv. mnmi p 2 tm^mi n2<Dnm.m^m\:y< (2 

/ 3 ) * I o tWt^-t^o ifL^mmm^B rrorl. Error2 dVN-l' (DM 
m(DV—7.mmt (2/3) * lo ^:;^D> S^^g-^Re f 1> Re f 2f}V\-i 
10 0^rBl®>'>i?«mi I o i^^^o iiLmmmm^E rrorl. Error2© 
/mXiH (3/2) *T\Z. y-XUdil (2/3) * lo ^^CfcV-X«^^« 
T * I o *^#-^R e f 1 . R e f 2 <DA)VxmTiZzy>^nm. I o ^^l^ 
;/S:y-X«^«T* lo ^^b<T'5 2:t:d^T#^. Cl<Z)J:5JCbT> ^nH)^^ 

15 m9iz. :$imm(om2<Dmmmm\zf)^i!)^^^^—z^'^>':fm^^m-r. j-^— 

>?7i^>yilIg&C P_n Jt. El 8 {d^bfcH 1 <DmM'!^WiZfi^fi^^'^-^—Vi!^>':f 
lEl^CP_n(Dm?JSaiI p 1 ^PMOS h7>S^;^i5^QP 1 tC. mSiEMi P 2<& 
PMOS h^>>?XiS'QP 2lC. n 1 &NMOS h^>e?;^^QN 6 JC. 

m^frtilil n 2^NMOS h ^ ^i^XiJ'QN 5 {C«^1^;l;/c|5lgS-e^'5c h^>>^ 
20 7v:$^QPl. QN6ti. h^^v^XiS'QP 4. QN 8 TJ^^^tlS* h ^ ^ 

Xi5'QP2. QN5tt. h^>>^X37QP3, QN 7 T;^^!^$n§:jt7 1/> ^ 
-liIii^ic:,fcOMI?ffiA:^3«ffiv2T0J^$n. ^jio«ggk* lo ^Mfo 

25 CCOcfc^^CbT. 5^^->?3}^>::/|ElSSCP_n(OV-xami:>'>i^S^(D«^ 
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^^^E rrorl. Error2 <i:^3Pffi^R e f 1 . R e f 2 <0/VV7.mit 
5 afeSlfc^S^MM-^E r r o r i, E r r o r 2 (Z)A';i/;^ipiSr. 1. 5*T3&^&«a| 

• (CK2) (DiiLmiS)mtircm'^'v$>':>xh. iiLnmmi)^-^^\z:k^umm^^m 
10 ^m^T^z.Li)^-v^. ^&mmmmmmYcoit.. -mmfSLi^cmmmm. u 
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1. xti-^nrcy'-^m^(Dm&mmm<D2m(omm^m'r^^uy^m^'v 

mi(Di7ay i^m^coK^^ u iJ/Tafe^H 2(D^uy ^m^-V^ y^t:n^\ 

10 uyi^m^-x^^y^^ffif^. Wimm4(D^y^]B\mtmBf^i(D^uyi7mn'v 

2. mmm2(D^y^m^(Dmt}/tmi(Dmmmmzm^hs mfBiommm 
^(Dmti tm^m 3 o^y^mm<omi3t<Dm(Dmm&^mmm^mmm 1 o^m 

20 mBf^i<Dyy^mm<Dmti^m2<Dmmmmzmmv. mf^2(Dmmm^<D 
mijhmiBm4<D^y^m^(Dmtit<Dm<Dmii^fi^wsmn^mBm2(Di{Ln^m 

25 W3i^'r^&miti^mmiz:fy^^x. 



wo 2004/079907 PCT/1P2004/002714 

16 

fc:feViT3i^t-§2:3<^>-r-i5'a)|^T?M^j&t^C3fc]^'&{C. trfB^ 1 □ ^j/i^ 
m^<DiL-^ ±5&t D X >?}5^ e. Miem 2 O O ^ m-^(DiL% ±i!)^ D X ^ T CD 



wo 2004/079907 




PCT/JP2004/002714 



7. iiLmt^mmt. ^-^-i^:^>^w\^t. )i-zfy^jv^t^^^. xio 

15 S2pM#t^A:^ji-S^2CD^^->?:a^>yilI^t§'^^. 

-Tsmmt. mm^i^^xsm2<ommm^\zm\:^xmwv--^y^)i'^iz^v 
\zi^^^xmv<-/3i^^o\zm^-^rLx\^^^z.L^!WWfr^cDRmmo 

20 

m^m 7 iciam© c d r 



wo 2004/079907 



18 



PCT/JP2004/002714 



[2 0 0 4^8^ 18P (1 8. 0 8. 0 4) m^^^^^M : ^ UV>ft^<^giiBg 
9-12 hf\.tz.o fife<^lt*<0$Biaf*3gH/jJ U ( 2 H)] 

15 »2p{«-^i:<£rA;^J-r^^2cD5^^ — ':^4t>:/IeIS&<h^^^. 
20 

m-^m 7 icis® 05 c D R lEiss. 



wo 2004/079907 



19 



PCT/JP2004/002714 



f^f -5 C D R lHlilSJ;i*5 ViX. 



wo 2004/079907 PCT/JP2004/002714 



1/9 



Din- 
CK-> 



DQ 

LI 

C 



Q1 



D Q 

12 

C 



Q2 



D Q 
L3 
C 



D Q 

L4 

C 



Q3 



Q4 



E2 



FIG.l 



wo 2004/079907 




PCT/JP2004/002714 



2/9 



oo 



CO 



CO 



CO 



I t 

IK 



K 

Q Lo 
5Bo" 

=+1, 

AJ 



CO 



CO 



CVJ 



oo 



CO 



to 



CO 



CVJ 



i 



> 



-I l-O ^w^^, , 

>cSJ 



LO 



X 



Loy 

o 

+1 



CO 



LO 



- CO 



4« 




CJ) 



CJ 



g s - & 



wo 2004/079907 




PCT/JP2004/002714 



3/9 



El 

X>-^ Errorl 
E2 



))">-*• Error2 




Refl 



Ref2 



FIG.3 



r 



WO 2004/079907 



PCT/JP2004/002714 



4/9 



rag 



K 

^ A 

Q to 
o 

-AJ 



CD 



CO 



CD 



CO 



CM 



CO 



CO 



CO 



CNJ 



CO 



CO 



LO 



CO 



CO 



C\J 



— o 





OJ CVJ CO 



CO CO 



CM 
V 



CVI 
V 



CM 
V 



CM 
V 



& 





CM 


CM 














O 


CJ) 













CO 

cr 
o 

X 
CM 
CT 



O 
X 



CM 
CJ 



O 
X 

CO 



CJ 

u. 
O 
X 

CO 

cr 



CM 
CJ 



T— CM 



f— CO 

cr o" 



CO 

cr 



1— CM 

V*— M— 

<D CD 



wo 2004/079907 PCT/JP2004/002714 



6/9 



D1 



D2 



El 



E2 



"Z)II>-^ ErrorZ 



Din- 



DQ 

LI 

C 

"Fq 

L2 
C 



q1 



q2 



DQ 
L3 

C 

"DQ" 
L4 
C 



q3 



q4 



E3 



Al 
A2 



CKl->- 



-®- 



CK2-^ 



FIG.6 



wo 2004/079907 PCT/JP2004/002714 



7/9 



Din- 



CKl 



CK2, 



PD 



Error 1 



Ref 1 



Error 2 



Ref 2 



CP_1 



CP 2 



Dout_1 
Dout_2 
■^CKout 



vcont+ 



Rl 
CI 
R2i 



LOF-' 



; vcont- 




DSC>^^^ VCO 




FIG.7 



wo 2004/079907 PCT/JP2004/002714 



8/9 



VDD 



-: f----- ---- 



0lpl 



QNl 



Error 1 (Error 2)- 
Refl (Ref2) 



♦ — S K 



QN2 QN3 



(±)>P2 



QN4 



vcont+ 
— >- 

— ^ 
vcont- 



(t)ln2 



0ln1 



CP_n 



VSS 

FIG.8 



wo 2004/079907 PCT/JP2004/002714 



9/9 



O 



CM 



HAT 



l>T— 



8- 



o 
> 



CO ' 



m 



CO 



CO 



CO 

"L±J 



OL. 
O 



CO 
CO 

> 



CM 

P 



CM 



f— CM 
> > 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/002714 



A. CLASSIFICATION OF SUBJECT MATTER 

Int-Cl'' H03K5/26, H04L7/033, H03L7/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED. 



Minimum docirnientation searched (classification system followed by classification symbols) 
Int.Cl^ H03K5/26, H04L7/033, H03L7/08 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1926-1996 Toroku Jitsuyo Shlnan Kbho 1994-2004 

Kbkai Jitisuyo Shinan Kbho 1971-2004 Jitsuyo Shinan Toroku Koho * 1996-2004 



Electronic data base consulted during the international search (name of d^ base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 2002-171160 A (NEC Engineering Kabushiki 
Kaisha) , 

14 June, 2002 (14.06.02), 
Fig. 1 

(Family: none) 


1-8 


A 


JP 2001-144592 A (Fujitsu Ltd.), 
25 May, 2001 (25.05.01), 
Fig. 4 

(Family: none) 


1-8 


A 


JP 2000-077990 A (Victor Company Of Japan, Ltd.), 
14 March, 2000 (14.03.00), 
Fig. 1 

(Family: none) 


1-8 



I I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



Special categories of cited documents: *T' 
idbcument deinhing the general state of the art which is not considered 
to be of paiticuiar relevance 

earlier application or patent but published on or after the international "X** 
filing date 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other «*y»» 

special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international Hling date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory urideriying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an Inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
03 June, 2004 (03.06.04) 


Date of mailing of the international search report 
22 June, 2004 '(22.06.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCmSA^lO (second sheet) (January 2004) 



T/ J P 2 0 0 4/0 0 2 7 14 



A. ?s^ff^m-r^i^m<D^m m^mf^m ( i p o ) 

Int. C 1 / H03K5/26. H04L7/033, H03L7/08 



f^^trffoitM^mmm- m^<^w^m dpc) ) 

Int. CI.' H03K5/26, H04L7/033. H03L7/08 



19 2 6-1996^ 
1971-^200 4^ 
1994-200 4^ 
1 996-2004^ 



JP 2002-171160 A iB:^mM.^:yi^^TD:^^m 

^<^m . 2002. 06. 14. 1^1 (yr^V—mv) 

JP 2001-144592 A (Sdba^^#^h) .200 
1. 0 5. 2 5. 134 (yy^V—MV) 

JP 2000-077990 A . 2 

000. 03. 14.1111 iyr^V—mv) 



1~8 



1-^8 



1~8 



TAJ m^mm<r>h^xm-vitf£< , -^ffo&mAam^^-r 

TLj ^«i^ss^^:^alSr«jB-rsi:i^i)txttflb©s:^iR«>3&^T 
(as 

roj Pmt-J:5M^. S^^l::«2Sl-r5S:ifc 



CD 0 § fitLXm 

«>*9ft^43?.W:ii^^^4^s^^CV^ fens t> <D 
TYj #»j:Kig<Dfo5S:m-efeo-C. S^S:filti:flfeoiSi 



0 3. 06. 2004 



22. a 2004 



B>lcia#tf;t (I SA/j p) 

^^##1 0 0-8915 



5X 



8 124 



03-3581-110 1 rtSa 3 5 9 6 



I8^PCT/I SA/2 1 0 (1^2-1—:^) (2004<^1^) 



